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Description 

This invention relates to a method of treating 
photoresist materials applied on semiconductor 
wafer and, more particularly, to a method of 
treating the photoresist materials employing 
ultraviolet radiation. 

As for the prior-art treatment of a photoresist 
employing ultraviolet radiation, exposing the 
photoresist to ultraviolet radiation is utilized in a 
treatment in which a mask pattern is formed by 
exposing the photoresist image applied on a 
semiconductor wafer, in a preliminary cleansing 
treatment in which organic pollutants sticking on 
the surface of the semiconductor wafers are 
dissolved and cleansed away, etc., and recently 
attention has been paid to the application of this 
method to particular treatments of photoresists 
such as baking photoresist materials. 

In the manufacture of semiconductor devices, a 
process of forming a photoresist pattern is 
executed in the sequence of the application of a 
photoresist material, prebaking, exposure, 
development and postbaking, when roughtly 
divided. The postbaking process is a heating 
process executed for improving the adhesiveness 
of the photoresist to a semiconductor substrate, 
heat-resistance, etc. Thereafter, ion implantation, 
or plasma-etching of a silicon oxide film, a silicon 
nitride film, an aluminum film, etc., which are 
formed beforehand on the surface of a semicon- 
ductor wafer prior to the application of the photo- 
resist material, is executed by using the photo- 
resist pattern. On the occasion, it is preferable 
that the photoresist has a high heat-resistance, 
since the temperature thereof rises in the process 
of ion implantation, while it is requisite that the 
photoresist shows a durability not allowing "film 
erosion" in the process of plasma-etching. How- 
ever, a photoresist material of high resolution, 
which has been used in recent years as semicon- 
ductor devices are highly integrated and made 
highly fine, is of a positive type, and the photo- 
resist of this type is generally inferior in the heat- 
resistance to the one of a negative type. 

With a view to enhancing the heat-resistance 
and plasma-resistance of the photoresist, exami- 
nations and studies are made on a method in 
which a photoresist material is heated gradually 
to an elevated temperature for a sufficient time in 
postbaking, and a method in which ultraviolet 
radiation are applied to a photoresist pattern after 
development thereof. These method are 
described in a reference of H. Hiraoka and J. 
Pacansky: J. Vac. Sci. Tech. 19 (1981). 

The former method, however, has a fault that it 
fails to ensure satisfactory heat-resistance and 
plasma-resistance and requires to expose the 
photoresist to ultraviolet radiation for a con- 
siderably long time. The latter method, on the 
other hand, has a fault that, although the heat- 
resistance temperature thereof is raised by expos- 
ing the photoresist to ultraviolet radiation, ultra- 
violet rays do not penetrate to the depth of a film 
of photoresist material when it is thicker, which 



results in an insufficient improvement in the heat- 
resistance of the entire film of photoresist 
material and requires a considerably long 
exposure time. 

5 In view of these faults, a method of combina- 
tion of "heating" with "ultraviolet radiation" has 
been proposed recently, as is disclosed in Japan- 
ese Unexamined Patent Publication ("Kokai 
Koho" in Japan) 60-45247 (U.S. Application No. 

10 497,466) titled "hardening of Photoresist and 
Apparatus", for instance. This method, however, 
is unable to meet the demands for a short 
exposure time when those photoresists is thick. 
Namely, an organic compound prevailingly used 

15 in photoresist materials, reacts readily to oxygen 
gas or moisture by being exposed to ultraviolet 
rays. It is known that the photoresist which was 
made to react with oxygen or moisture is inferior 
in the heat-resistance and the plasma-resistance. 

20 Accordingly, in the method of treating photo- 
resists employing ultraviolet radiation which 
meets the demand for improvement in the heat- 
resistance and the plasma-resistance, the degree 
of polymerization of the photoresist increases by 

25 ultraviolet radiation, therefore the heat-resistance 
and the plasma-resistance of the photoresist may 
be improved. The photoresist, however, is 
oxidized by ultraviolet radiation, therefore photo- 
resist is inferior in the heat-resistance the plasma- 

30 resistance. And polymerization of the photoresist 
is suppressed by oxygen and moisture in the 
atmosphere or moisture captured in the photo- 
resist, too. Therefore, this is one of causes for 
being unable to shorten an exposure time. 

35 When an ultraviolet light is applied to the 
photoresist, however, a gas is generated from the 
photoresist, nd this gas causes the formaton of 
bubbles, deformation of a photoresist pattern and 
deformation of a photoresist film, such as exfolia- 

40 tion, rupture or roughening thereof, thus causing 
imperfections of a semiconductor element. 

As described above, the prior-art methods for 
particular treatments of the photoresist, such as 
hardening the photoresist material employing 

45 ultraviolet radiation, have left unsettled the 
problems that a long exposure time for ultraviolet 
radiation is required for the treatment and that the 
improvement in the heat-resistance is insufficient 
in the base portion of the photoresist film when 

so this film is thick, though they have been able to 
achieve some improvements in the heat- 
resistance and plasma-resistance. In other words, 
there has been left unsettled a problem that the 
whole treatment of the photoresist can not be 

55 performed in an organic and effective manner. 

And, when an ultraviolet light is applied to the 
photoresist, a gas is generated from the photo- 
resist, and this gas causes the formation of 
bubbles, deformation of a photoresist pattern and 
60 deformation of a photoresist film, such as exfolia- 
tion, rupture or roughening thereof, thus causing 
imperfections of a semiconductor element. 

The Journal of the Electrochemical Society, 
Volum 128, No. 12 (1981), page 2645—2647 and 
65 £p — a — 0 086 474 disclose to treat developed 
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positive photoresists or photoresist images by 
exposing them to ultraviolet radiation and also 
disclose that the exposure to ultraviolet radiation 
can be carried out in a chamber filled with inert 
gas or under vacuum. 

An object of this invention is to perform the 
high-speed treatments of positive photoresist. 

Another object is to provide a method enabling 
the effective treatment of positive photoresist by 
preventing the breakdown of the developed posi- 
tive photoresist image on a wafer which is caused 
by ultraviolet radiation. 

This invention according to Claim 1 provides a 
method of treating positive photoresist materials 
applied on a semiconductor wafer, which meets 
the demand for high-speed treatment and 
improved in heat-resistance and plasma- 
resistance of the developed positive photoresist 
image on a semiconductor wafer. This photo- 
resist image is treated by exposing it to ultraviolet 
radiation in gas in which oxygen and moisture are 
reduced or not included under 1 atmospheric 
pressure or below. In this way, the positive 
photoresist material reacts with little oxygen in 
gas and little moisture in gas when the developed 
positive photoresist image is exposed to ultra- 
violet radiation. Accordingly, the degree of oxidi- 
zation of the photoresist material is suppressed 
and it is decreased that polymerization of the 
photoresist materials is suppressed by oxygen 
and moisture. And, when ultraviolet light is 
applied to the developed positive photoresist 
image in gas of lower pressure than 1 atmos- 
pheric pressure, gas is generated from the photo- 
resist materials at once. Accordingly, the said 
image may be preserved from deformation 
caused by the formation of bubbles. 

Further, the photoresist image is exposed to 
weak radiant lights including ultraviolet rays at 
the beginning and then to stronger radiant lights 
little by little or step by step, so that gases 
generated from the photoresists image may be 
released in the treating chamber out of the photo- 
resist 

Brief description of the drawings 

Figure 1 shows a cross section of an apparatus 
of treating photoresists image for explaining one 
embodiment of a method of treating photoresists 
image according to this invention and Figure 2 
shows a cross section of an apparatus of treating 
photoresists image for explaining another 
embodiment of a method of treating photoresists 
image according to this invention. 

Description of the preferred embodiment 

A preferred embodiment of the invention will 
be described hereinafter with reference to the 
accompanying drawings in which Figure 1 is 
illustration of an embodiment of an apparatus for 
executing method of treating the developed posi- 
tive photoresists image on a wafer according to 
this invention. 

Pattern of photoresists image 4 is formed on a 
semiconductor wafer 5, which is placed on a 



support 6. The support 6 is heated by a heater 10 
connected with power supply through a heater 
lead wire 9, or cooled down by cooling water to 
flow through a cooling conduit 11. The tempera- 

5 ture of the semiconductor wafer 5 is controlled by 
these heating and cooling mechanisms. Ultra- 
violet radiation source is composed of a high 
pressure mercury vapor lamp 1, a concave mirror 
2, and a shutter 3 which can be opened and 

10 closed. Radiant lights containing ultraviolet rays, 
which are emitted from the high pressure mer- 
cury vapor lamp 1, are reflected by the concave 
mirror 2 and projected onto those photoresists 
image 4 through the shutter 3 and a window 8. A 

15 treating chamber 7 is provided with an intake 12 
to draw in inactive gases and exhaust hole 13 to 
be connected to vacuum pump (not to be illus- 
trated). 

Next, a description will be made on a method of 

20 treating photoresists image by using this 
apparatus of treating photoresists image. The 
semiconductor wafer 5, on which pattern of 
photoresists image 4 is formed, is placed on the 
support 6. The air in a treating chamber 7 is 

25 exhausted by a vacuum pump through the 
exhaust hole 13, and oxygen and moisture are 
removed from the space in said chamber. Next, 
inactive gas such as Ar is took in said space 
through the intake 12. Then the shutter 3 being 

30 opened in this state, the light emitted from the 
high pressure mercury vapor lamp 1 is projected 
onto the developed positive photoresists image 4. 
And the temperature of the support 6 is con- 
trolled, concretely explaining, the support 6 is 

35 heated by the heater 10 connected with power 
supply through the heater lead wire 9, or cooled 
down by cooling water to flow through the cool- 
ing conduit 11, and then the temperature of the 
semiconductor wafer 5 placed on the support 6 is 

40 controlled, too. 

When the treatment of the developed positive 
photoresist image is ended, heating is stopped, 
the shutter 3 is closed, and the exposure to the 
ultraviolet radiation is stopped. Then, cooling 

45 water is flown through the cooling conduit 11 to 
cool the semiconductor wafer 5 down to a pre- 
scribed temperature and the gas pressure in a 
chamber is returned to the normal atmospheric 
pressure and then the semiconductor wafer 5 is 

so removed from the support 6. After the treatment 
of photoresists image on a wafer is completed, 
the above-described process may be repeated so 
as to treat photoresists image on a next wafer in 
sequence. 

55 The following is a more concrete description of 
the method of treating photoresists. 

The semiconductor wafer 5 is placed on the 
support 6 which is heated beforehand to be kept 
at a temperature of 100°C. In this case, the used 

60 positive photoresist is TSMR-8800 (made by 
Tokyo Ohka Kogyo Corp.) and the thickness is 3.5 
|im. The heat-resistance temperature of said posi- 
tive photoresist is 110°C. 
Next, the air in the treating chamber 7 is 

65 exhausted through hole 13 and is evacuated to 
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such a low pressure as 10~ 3 torr. Then an inactive 
gqs such as Ar is took in through the intake 12, 
and the treating chamber 7 is filled with the 
inactive gas of about 1 atmospheric pressure. In 
this state, the shutter 3 being opened, the light 
emitted from the high pressure mercury vapor 
lamp 1 is projected onto the photoresists image 4. 
And, the support 6 is heated to 140°C in the 
appointed temperature gradient and is kept at the 
temperature of 140°C for the appointed period. 
When the treatment of the photoresist image is 
ended, heating is stopped, the shutter 3 is closed, 
and the exposure to the ultraviolet radiation is 
stopped. In this embodiment of the inventions, 
the exposure time to ultraviolet radiation in order 
that the heat-resistance temperature is raised to 
250°C is 90 seconds and the time of the exposure 
to the ultraviolet radiation in this invention was 
30% in comparison with the time in the prior-art. 

Another embodiment of this invention involves 
a treatment of the photoresist image in which the 
photoresist image is exposed to ultraviolet radi- 
ation in air of lower pressure than atmospheric 
pressure. 

After the semiconductor wafer 5 is placed on 
the support 6, the air in the treating chamber 7 is 
exhausted by a vacuum pump through the 
exhaust hole 13, and is evacuated to such a low 
pressure as 10~ 3 torr, and then Ar gas is took in 
through the intake 12. At this time, the internal 
pressure of the treating chamber 7 is such a 
pressure as 100 torr by controlling the speed of 
taking in Ar gas. In this state, the shutter 3 being 
opened, the light ernitted from the high pressure 
mercury vapor lamp 1 is projected onto the 
photoresists image 4. After the shutter 3 is 
opened, the above-described process may be 
repeated so as to treat the photoresists image on 
a next wafer in sequence. In this embodiment, the 
exposure time to ultraviolet radiation in order that 
the heat-resistance temperature is raised to 250°C 
is seconds and the time of the exposure to the 
ultraviolet radiation in this embodiment was 20% 
in comparison with the time in the prior-art. 

Figure 2 shows an illustration of another 
embodiment of an apparatus for executing a 
method of treating photoresists image according 
to this invention. In this figure, 14 is a porous 
plate in which many holes 14a are made at 
regular intervals. These holes of diameter about 
0.6 mm are arranged with distance about 4 mm. 
Less volatile matters, which was generated from 
the positive photoresist, stick to the porous plate 
14 or the window 8 by the inactive gas flowing 
through said holes. 

In this embodiment, a porous plate in which 
many holes are made at regular intervals is used. 
But another means to keep volatile matters from 
sticking to the porous plate or the window may be 
employed. For example, a porous plate in which 
many slits are made at regular intervals may be 
used as well. In case of a small window, only one 
or more intakes may be used as well. Namely, 
something to make a flow of gas may be used as 
well. 



In these above-mentioned emodiments, after 
the semiconductor wafer is placed on the support, 
the air in the treating chamber is exhausted. A 
method of exhausting the air from the treating 

5 chamber before the semiconductor wafer is 
placed on the support may be used as well by 
equipping a preparatory exhaust room next to the 
treating chamber. 
And, a high pressure mercury vapor lamp is 

10 used as a light source, but another light source 
may be employed. For example, a low pressure 
mercury vapor lamp, a metal vapor lamp in which 
metal vapor in the form of halide and inactive gas 
are sealed, or a microwave-excited electrodeless 

15 discharge lamp may used as well. 

And, in case of coating a thick positive photo- 
resist film on a wafer, large amounts of gases are 
generated from the positive photoresist. In this 
case, if the photoresist image is exposed to weak 

20 radiant lights including ultraviolet rays at the 
beginning and then to stronger radiant light little 
by little or step by step, gases generated from the 
photoresists image may be released in the treat- 
ing chamber out of the photoresist. 

25 

Claims 

1, A method of treating a developed positive 
photoresist which is applied on a semiconductor 
30 wafer and exposed to radiant lights including 
ultraviolet rays, comprising the steps of: 

placing the developed positive photoresist 
image in a chamber filled with gas of small or 
reduced pressure in which oxygen and/or mois- 
35 ture are reduced or not included; 

exposing the developed positive photoresist in 
said chamber at the beginning to weak radiant 
light including ultraviolet rays and then stronger 
radiant lights step by step or little by little. 
40 2. A method according to Claim 1 wherein gas 
is inactive gases. 

3. A method according to Claim 1, wherein 
pressure is 20 torr or below. 

4. A method according to Claim 1 wherein a 
45 high pressure mercury vapor lamp, a low 

pressure mercury vapor lamp, metal vapor lamp 
in which metal vapor in the form of halide and 
inactive gas are sealed, or a microwave-excited 
electrodeless discharge lamp is used as a light 
so source radiating lights including ultraviolet rays. 

5. A method according to Claim 3 wherein a 
means to inhibit volatile matters to stick the 
window transmitting radiant lights is used. 

55 Patentanspruche 

1. Verfahren zur Behandlung eines auf einem 
Halbleiter-Wafer aufgebrachten und mit Licht- 
strahlen einschlie&lich ultravioletter Strahlen 
60 bestrahlten entwickelten Positiv-Fotolackbildes, 
das folgende Schritte aufweist: 

Positionieren des entwickelten Positiv-Fotolack- 
bildes in eine mit Gas eines niedrigen bzw. verrin- 
gerten Druckes gefullte Kammer, in der Sauer- 
65 stoff und/oder Feuchtigkeit herabgesetzt bzw. 
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nicht enthalten sind; 

Bestrahlen des entwickelten Positive-Fotolack- 
biides in der Kammer mit anfangs schwachen 
Lichtstrahlen einschlieBlich uttravioletter Strahlen 
und dann schrittweise bzw. nach und nach starker 
werdenden Lichtstrahlen. 

2. Verfahren nach Anspruch 1, worin das Gas 
ein inaktives Gas ist. 

3. Verfahren nach Anspruch 1, worin der Druck 
20 Torr oder weniger betragt. 

4. Verfahren nach Anspruch 1, worin als Licht- 
strahlen einschliefclich ultravioletter Strahlen aus- 
sendende Lichtqueile eine Hochdruck-Quecksil- 
berdampflampe, eine Niederdruck-Quecksilber- 
dampflampe, eine Metalldampflampe, in der 
Metalldampf in Form eines Halogenids und inakti- 
ves Gas eingeschlossen sind, oder eine durch 
Mikrowellen angeregte elektrodenlose Entla- 
dungslampe eingesetzt wird. 

5. Verfahren nach Anspruch 3, worin ein Mittel 
verwendet wird, das dem Anhaften von fluchtigen 
Bestandteilen an dem Lichtstrahlen ubertragen- 
den Fenster entgegenwirkt. 

Revendications 

1. Un proc§de pour traiter une photoreserve 
positive deveioppee qui est appliquee sur une 
pastille semi-conductrice et exposee & des 



Iumieres rayonnantes incluant des rayons ultra- 
violets, comprenant les operations consistant a: 

placer I'image photoreservee positive deveiop- 
pee dans une chambre remplie de gaz a une 
5 pression faible ou reduite dans iaquelle I'oxygene 
et/ou I'humidite sont reduites voire eliminees; 

exposer la photoreserve positive developp6e 
dans ladite chambre, au debut d des Iumieres 
rayonnantes faibles incluant des rayons ultravio- 
io lets et, ensuite h des Iumieres rayonnantes plus 
fortes et cela par 6tape ou peu a peu. 

2. Un procede selon la revendication 1, dans 
lequel le gaz est constitue par des gaz neutres. 

3. Un proc£d£ selon la revendication 1, dans 
is lequel la pression est de 20 Torr ou moins. 

4. Un procedg selon la revendication 1, dans 
lequel une lampe h vapeur de mercure sous haute 
pression, une lampe a vapeur de mercure sous 
basse pression, une lampe h vapeur m£tallique 

20 dans Iaquelle une vapeur metallique sous la 
forme d'halogSnure et de gaz neutre se trouve de 
maniere etanche, ou une lampe a decharges sans 
electrode a excitation par micro-ondes est utilisee 
en tant que source de Iumieres rayonnantes 

25 incluant des rayons ultraviolets. 

5. Un procede selon la revendication 3, dans 
lequel on utilise un moyen pour empecher les 
matieres volatiles de coller a la fenetre transmet- 
tant les lumteres rayonnantes. 
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FIG. I 



